The aerial parts of Onopordum illyricum L. (Asteraceae) are eaten raw in salad in the Mediterranean area, representing a food of good nutritional value. Extracts of different parts of this plant have been analyzed by HPLC/DAD/ESIMS and the major compounds identified by NMR spectroscopy. Fatty acids, sesquiterpene lactones, triterpenes and polyphenols (flavones and caffeoyl quinic acids) fully describe the plant metabolism during the vegetation year. All the metabolites are non toxic nutrients, and are reported in the literature to possess biological activities positive for health, confirming the beneficial use in the diet of this thistle
The development of dietary agents for chemoprevention is a highly attractive anticancer strategy, because of the long-standing exposure of humans to compounds of this type, their relative lack of toxicity, and the existence of encouraging epidemiological clues [1a,1b] . Polyphenols present in the diet, for example, are receiving increasing interest as chemopreventive agents because of the epidemiological association between nutrients rich in polyphenols and the prevention of diseases like cancer and stroke [1c] .
Onopordum illyricum L., Asteraceae, ("cardo maggiore" or "onopordo maggiore"a type of thistle) is included in the daily diet of Sardinian people. In some villages in the Nuoro (Seulo, Torpè) and Campidano districts it is used as a vegetable ("kàrdu molentìnu" in campidanese idiom), young scapes and capitula being eaten raw in salad, as side dishes [2] . In folk medicine either a decoction or a tea of the whole plant is used as a digestive, cough sedative and in biliary diseases [2] . In Tempio Pausania village (Northern Sardinia) the decoction or the infusion of flowering tops is used for the alleged treatment of malarial fever as an antipyretic and for washing exanthematic skin [3] .
Plants of the genus Onopordum are characterized by the presence of sesquiterpene lactones, flavonoids and lignans. Although a phytochemical study of this species was presented a few years ago [4a] , we decided to investigate collections from different vegetative periods of the phenotype growing in Sardinia. O. illyricum is a wild plant spread in the Mediterranean region in Portugal and Albania [4b].
This study was carried out on two different collections, namely on the plant at full vegetation (June) and the plant dried in the field (July collection). Extracts of different parts (scapes and capitula) were obtained through multiple solvent extraction techniques (Table 1) .
Variations in extraction yields between the young plants and the old ones are plausible, due to the residual water content in materials dried in the The n-hexane fraction contained fatty acids (mainly oleic and linoleic acids) [5] and triterpenes (taraxasteryl acetate and pseudotaraxasteryl acetate) as major components. The dichloromethane extract afforded onopordopicrin [6a,6b] as the most abundant constituent, accompanied by 8α-sarracinoyl salonitenolide as a by-product [6c]; these sesquiterpene lactones represented more than 70% of the total dichloromethane fraction. In this phenotype, onopordopicrin alone represents about 1% of the vegetable material.
The lipophilic extracts of young scapes and capitula showed identical phytochemical profiles, which were also identical to those of the aged material, with a clear difference between the yield of fatty acids and sterols and the sesquiterpene lactones that are more abundant in the young vegetable material.
The n-BuOH extract from young scapes was separated into ten fractions by chromatography on Sephadex LH20. They were further purified by preparative reversed phase HPLC to give two dicaffeoylquinic acids [M+ 516 m/z] and a succinyl dicaffeoylquinic [M+ 616 m/z] derivative. Comparison of the spectroscopic data of the isolated compounds with those reported in the literature allowed the assignment of the structures as 3,5-di-Ocaffeoylquinic acid (1) [7a,7b] , and 1,5-di-Ocaffeoylquinic acid (3) [7c]. The structure of the triester (2) was tentatively assigned as 1-succinyl 3,5dicaffeoylquinic acid by 1D-and 2D-NMR experiments. The quinic acid ring was shown to be esterified at positions 3 and 5 (proton chemical shifts higher than 5.00 ppm), while the proton at position 4 remained unchanged with respect to the original value, for example in 5-caffeoyl quinic acid Compound (2) Tables 2 and 3 ), in order to ameliorate chemical shifts differentiation and solvent effects. However no information was obtained on the correct ring substitution, even by reproducing the experimental conditions reported for 3,5 dicaffeoylquinic acid [7a] . is that originally reported for known quinic acid diand tri-esters. It accommodates the succinyl moiety in an axial position, the conformational asset being further supported by the existence of hydrogen bonding between the succinyl terminal carboxy group and the 5-O-caffeoyl carbonyl moiety (Figure 2) .
To characterize the complete compositions of the n-butanol extracts of scapes and capitula collected at different vegetative periods, they were analyzed by HPLC/PDA/ESIMS. Accordingly, flavonoid glycosides are eluted first, followed by the group of caffeoylquinic acids and the flavonoids at the end [8] .
As can be seen in Figures 1A-D and Table 4 , caffeoylquinic acids are the dominant phenolic compounds accumulating in the young material.
The presence of important nutritional biomarkers like fatty acids, sesquiterpene lactones, triterpenes, flavones and their glycosides and caffeoylquinic acid derivatives justifies the use of O. illirycum as a beneficial food with chemopreventive potential.
All the identified compounds in fact show interesting in vitro and in vivo bioactivities. Onodorpicrin, a sesquiterpene lactone, present in the leaves of Arctium lappa L.
[6b], has an IC 50 value of approximately 15 µM in cellular lineage of promyelocytic leukemia (HL60) used as a model for antitumor studies. In classic models of ulcer induction the compound also presented significant antiulcerogenic activity. The data also reveal that pretreatment with onopordopicrin is able to reduce intestinal inflammation in a model of colitis in rats, suggesting an excellent potential for therapy in the gastrointestinal area [9] . Taraxasterol inhibits tumor promotion, invasion of tumor cells and metastasis. 
Extraction and purification:
Scapes and leaves (OI050603UT, 419 g) were reduced to powder with a robot mixer and extracted through percolation with MeOH at room temperature (4 x 1.8 L). After solvent evaporation, 58.5 g (14%) of total extract was obtained, which was added to MeOH (60 mL) and water (300 mL), filtered to remove a sticky material, and extracted with light petroleum (2 x 213 mL), then CH 2 Cl 2 (2 x 213 mL), and n-butanol (4 x 300 mL). The organic phases were dried (Na 2 SO 4 ) and evaporated to dryness under vacuum. Yields are reported in Table 1 .
Extractions were controlled through TLC, developed with CHCl 3 -MeOH (9:1), and revealed through either UV absorption or by spraying with methanolic H 2 SO 4 10%. The n-butanol fraction was monitored by TLC using the organic phase of the solvent system CHCl 3 -MeOH-n-PrOH-H 2 O 5:6:1:4 and revealed through either UV absorption or by spraying with FeCl 3 . The same procedure was followed to extract capitula (OI050603UT 274 g). Yields are reported in Table 1 . The dried vegetable material collected (OI310703UI) followed a slightly different extraction procedure avoiding the counter extraction with light petroleum, mainly because of the absence of chlorophyll. Yields are reported in Table 1 .
The light petroleum extract (2 g) was purified by column chromatography on silica gel (100 g The n-butanol extract (5 g Fraction 81-99 was submitted to prep HPLC according to method A. 10 mg each of two compounds (1) (Rt 20.75 min, method A; 23.25, method B) identified as 3,5 dicaffeoylquinic acid [7a,7b] , and (2) ([α] 25 D = -30.1 (c 0.5, MeOH); UV λ max (nm) 240, 330) (Rt 26.17 min, method A; 25.20, method B) were isolated. Fraction 106-119 was submitted to prep HPLC according to method B. 22 mg of 1,5-di-O-caffeoylquinic acid (3) [7c] (Rt 22.85, method B) was isolated.
Computational studies: Conformational preferences of 1-succinyl 3,5-di-O-caffeoylquinic acid (compound 2) were investigated by molecular mechanics calculations within the framework of MacroModel version 9.1 (Macromodel), using the MacroModel implementation of the MM2 force field [13] (denoted MM2*) and the implicit water GB/SA solvation model [14a] . The torsional space of the compound was randomly varied with the usagedirected Monte Carlo conformational search of Chang, Guida, and Still [7e] ; 1000 starting structures for each variable torsion angle were generated and minimized until the gradient was less than 0.05 2042 Natural Product Communications Vol. 3 (12) 2008 Verotta et al.
kJ/Åmol, using the truncated Newton-Raphson method [14b] implemented in MacroModel. Duplicate conformations, and those with energy greater than 6 kcal/mol above the global minimum were discarded.
